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Introduc<on	  

•  A	  couple	  of	  ideas	  for	  large	  Cherenkov	  Detectors	  
are	  emerging	  for	  LBNF	  
– On	  Axis	  at	  Homestake	  :	  THEIA	  (LS)	  
– Off	  axis	  at	  Pactola	  Lake	  :	  CHIPS	  (water)	  

•  A	  number	  of	  intermediate	  sized	  experiments	  are	  
being	  planned	  

•  The	  HK	  detector	  is	  being	  planned	  for	  T2HK	  
•  Many	  similar	  developments	  going	  on	  in	  parallel	  
– Good	  idea	  to	  talk	  about	  how	  to	  make	  fast	  progress	  
without	  everyone	  reinven<ng	  the	  wheel	  
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Planned Demonstrations!



THEIA:                                                                  �
A realisation of the Advanced Scintillation 

Detector Concept (ASDC)!
•  50-‐100	  kton	  WbLS	  target	  (M.	  Yeh	  talk)	  

•  High	  coverage	  with	  ultra-‐fast,	  high	  
efficiency	  photon	  sensors	  (M.	  Wetstein	  
talk)	  

•  4800	  m.w.e.	  underground	  (Homestake)	  	  

•  Comprehensive	  low-‐energy	  program:	  solar	  
neutrinos,	  supernova,	  DSNB,	  proton	  decay,	  
geo-‐neutrinos,	  DBD	  

•  In	  the	  LBNF	  beam:	  long-‐baseline	  program	  
complementary	  to	  proposed	  LAr	  detector	  

➡ 	  	  Broad	  physics	  program!	  

Detector	  image	  product	  of	  RAT-‐PAC	  

60m	  

60m	  

Detector	  simula<on	  package	  under	  development	  



Economy of Scale: �
Broad program in a single large detector!

•  Water-‐based	  scin<llator	  target	  

✴ High	  scin4llator	  light	  yield	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  ⇒	  
high	  resolu4on	  &	  efficiency	  at	  low	  E	  (rela4ve	  to	  pure	  water)	  

✴ Low	  aAenua4on	  ⇒	  very	  large	  detector	  

✴ Par4cle	  ID	  with	  direct	  Cherenkov	  light	  ⇒	  excellent	  b.ground	  
rejec4on	  

✴ Loading	  with	  metallic	  isotopes	  ⇒	  broad	  physics	  goals	  (e.g.	  DBD)	  

•  Broad	  program:	  a	  mul<-‐purpose	  detector	  with	  unique	  physics	  
capabili<es	  

•  Flexibility	  to	  adapt	  to	  new	  direc<ons	  as	  scien<fic	  goals	  evolve	  in	  
response	  to	  new	  discoveries	  

•  Would	  u<lize	  the	  great	  depth	  and	  powerful	  beam	  planned	  for	  the	  Long	  
Baseline	  Neutrino	  Facility	  



CHIPS	  Detector	  Concept	  
•  CHIPS-‐10	  is	  a	  water	  Cherenkov	  R&D	  detector	  sunk	  in	  a	  flooded	  mine	  pit	  in	  the	  path	  

of	  the	  NuMI	  beam	  :	  water	  will	  provide	  mechanical	  support	  	  
•  Will	  be	  used	  as	  a	  test	  bed	  for	  developing	  and	  tes<ng	  issues	  associated	  with	  

mechanical	  challenges	  of	  moderate	  underwater	  pressure	  
•  PSL	  (Madison)	  are	  leading	  mechanical	  designs	  
•  Goal	  is	  for	  100kt	  in	  LBNF	  off-‐axis,	  dedicated	  large,	  inexpensive	  beam	  only	  detector	  

6	  

More pictures of net cages in aquaculture

Photos from Heidi Moe, “Strength analysis of net structures,” PhD Thesis (Trondheim, March 2009)
Additional examples and detailed information: Sunde, L.M., et al., 2003, “Review on technology in the 
Norwegian aquaculture industry,” SINTEF Fisheries and Aquaculture Report STF 80 A034002
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Deployment concept for WCD below 50m depth

Active Volume

Barrier Membrane
Blocks Light &

Encloses Pure Water

“Sinker Tubes”

Wall PMTs
Deployed like LBNE

Deployment Cables

Floating Dock

Equipment Staging
Main Collar

Inner Edge Floats?

Top PMTs Deck
Assembled at Surface

Lower PMTs Deck
Assembled at Surface

Support Buildings

Veto Volume

Moorin
g Line

4



CHIPS@LBNE	  (20mr	  off	  axis)	  

7	  

•  2nd	  oscilla<on	  max	  around	  0.8	  
GeV	  

•  Large	  quasi-‐elas<c	  x-‐sec<on	  
•  Suitable	  for	  water	  Cerenkov	  

detector	  
•  High	  efficiency	  for	  QE	  events	  	  
•  Complementary	  informa<on	  to	  

Homestake	  experiment(s)	  

Pactola	  Resevoir,	  SD	  
20mr	  off-‐axis	  





Common	  Mechanical	  Issues	  

•  Mechanical	  Structure	  and	  liner	  
•  Development	  of	  PMT	  “module”	  
– CHIPS	  calls	  for	  2500,	  THEIA	  for	  perhaps	  >	  4000	  
– One	  cable	  per	  PMT	  is	  expensive	  and	  bulky	  
– Pressure	  housing	  for	  each	  PMT?	  Depends	  on	  size	  

•  Lower	  detectors	  will	  face	  6	  bar	  pressure	  
•  Development	  of	  water	  <ght	  electronics	  
housings,	  integrator/event	  builder	  
– Water	  proof	  connec<ons	  are	  key	  
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(CUTAWAY)

EST. DRY WT. 1500 lb
EST. WET WT. 970 lb

(CUTAWAY)

ITEM 
NO. DESCRIPTION Material Vendor QTY.

1 End Truss Assembly 2

2 Column 304 SS Double Strut Channel (Back-to-Back), 
120in stock (cut to length) 8

3 Wall Liner Seaman XR-5 PW 1
4 End Liner Seaman XR-5 PW 2

5 Lateral Bracing Wire 
Rope Assembly 304 SS, 1x19 const, 3/16in dia, ~132in length McMaster p/n 3461T18 plus end 

hardware and turnbuckles 8

6 Strut Channel T-Plate 304 SS 8

CHIPS-‐M	  :	  submerged	  test	  bed	  

•  EIA-‐KEE-‐PVC	  liner	  
(Seaman)	  :	  light	  <ght	  
and	  very	  strong,	  also	  
very	  inexpensive	  

•  Will	  be	  raised	  aker	  1	  
year	  to	  look	  for	  signs	  
of	  aging	  in	  the	  
par<cular	  lake	  water	  

Equipped	  with	  
IceCube	  DOMS	  



SPACEFRAME	  and	  LINER:	  	  WALLS	  

12.11.14	   T.	  Benson	   11	  

Pre-‐Fab	  frame	  and	  liner	  panels	  

Ship	  pre-‐fab	  panels	  and	  hardware	  

Assemble	  modules	  on	  shore	  

Assemble	  layers	  on	  water	  

Layer	  by	  layer	  to	  full	  detector	  



Plas<c	  pressure	  housing,	  full	  or	  part	  coverage	  
Make	  use	  of	  development	  work	  that	  has	  gone	  before	  





Addi<onal	  Integrator	  

•  For	  THEIA	  or	  CHIPS,	  s<ll	  many	  
hundreds	  of	  panels;	  again	  
cable	  cost	  and	  bulk	  an	  issue	  

•  Intelligence	  inside	  to	  sort	  and	  
possibly	  add	  sokware	  trigger	  

•  Underwater	  connec<ons	  are	  a	  
challenge	  to	  cost	  

•  But	  cable	  length	  is	  saved	  

Underwater	  Event	  
Builder	  

PMM2	  

KM3Net	  







•  Two	  250m	  long	  caverns	  
with	  egg-‐shape	  cross	  sec<on	  
–  48m	  (W)	  x	  54m	  (H)	  x	  250m	  (L)	  

x	  2	  caverns	  
–  Water	  depth:	  48m	  

•  Op<cally	  independent	  10	  compartments	  

•  Total	  excava<on	  volume:	  	  
~1.2	  Million	  m3	  

•  Total	  fiducial	  volume:	  	  0.56	  Mton	  
–  FV	  is	  defined	  by	  2m	  from	  Inner	  Det.	  wall	  
•  0.9m	  thick	  dead	  region	  (between	  ID	  and	  OD)	  
•  2m	  thick	  Outer	  Detector	  
•  Number	  of	  PMTs	  =	  99,000	  50-‐cm	  

•  Two	  sites	  under	  considera<on	  (Mozumi,	  near	  SK)	  and	  	  
Tochibora	  (same	  OA	  angle)	  

Hyper-‐Kamiokande	  Baseline	  Design	  



•  Although	  “baseline	  design”	  has	  been	  defined,	  
alternate	  designs	  are	  under	  serious	  study	  

•  Goal:	  lower	  the	  total	  cost	  of	  detector	  construc<on	  
– Major	  cost	  drivers:	  cavity,	  tank	  (structure)	  and	  photo-‐sensor	  

•  Considera<ons:	  
–  Simplify	  cavern	  shape,	  ex.	  ver<cal	  straight	  wall	  
➜	  Simplify	  construc<on	  	  

–  Smaller	  inner	  detector	  surface	  area	  
➜	  Decrease	  total	  number	  of	  photo-‐sensors	  

–  Reduce	  excava<on	  volume	  while	  keeping	  fiducial	  mass	  
e.g.	  thinner	  veto	  detector	  layer	  

	  ➜	  Reduce	  the	  excava<on	  cost	  

Hyper-‐Kamiokande	  Alternate	  Designs	  



e.g.	  Hyper-‐K	  Alternate	  Cavern	  A	  
•  Cavern	  dimensions:	  97m	  height	  x	  65m	  diameter,	  80m	  water	  depth	  
•  H/D	  ra<o	  of	  1.5	  gives	  smaller	  (beser)	  plas<city	  region	  depth	  –	  fewer	  rock	  anchors	  
•  Straight	  wall	  cavern	  simplifies	  construc<on	  and	  moun<ng	  of	  photo-‐sensors	  
•  Requires	  higher	  pressure	  tolerance,	  maybe	  smaller	  PMTs	  than	  50-‐cm	  
•  Alternate	  Cavern	  B:	  76m	  x	  76m	  with	  60m	  water	  depth	  also	  being	  studied	  

Plas<city	  region	  ~	  10m	   Rock	  supports	  Cavern	  A	  Design	  

Excava<on	  and	  tank	  construc<on	  procedure	  	  
design	  and	  cost	  es<mates	  are	  underway.	  
Mul<ple	  companies	  involved.	  





Solu<on-‐mined	  salt	  caverns	  for	  future	  detectors	  

•  Giant	  caverns	  are	  "mined"	  by	  
piping	  fresh	  water	  into	  a	  salt	  dome	  
or	  bed	  

•  Very	  very	  cheap:	  $2/m3	  ?	  
•  Trick	  #1:	  No	  miners!	  	  Crane/robot	  
access	  only.	  	  Install	  detector	  via	  
ver<cal	  drill	  shak,	  like	  a	  ship	  in	  a	  
bosle.	  	  	  (Not	  as	  hard	  as	  it	  sounds.)	  	  	  	  	  

•  Trick	  #2:	  if	  deeper	  than	  ~1km,	  
cavern	  needs	  internal	  pressure	  
(100+	  bar)	  to	  hold	  off	  salt	  creep	  

Two	  ideas:	  
•  use	  cavern	  as	  pressure	  vessel	  for	  
mul<-‐kt	  gas	  TPC	  (CH4,	  Ar,	  Xe)	  

•  mul<-‐MT	  water	  Cerenkov	  using	  
IceCube	  DOMs	  

Ben Monreal, UCSB!
see arxiv:1410.0076!

These	  are	  examples	  of	  exis<ng	  petroleum/gas	  storage	  caverns.	  
Note:	  there	  is	  a	  salt	  bed	  40km	  N	  of	  Homestake.	  	  

Some	  design	  study	  has	  been	  funded.	  	  
Seeking	  collaborators!	  	  	  



Summary	  

•  There	  is	  significant	  ac<vity	  in	  the	  general	  area	  
of	  Cherenkov	  detectors	  

•  Many	  issues	  are	  common,	  from	  mechanical	  
structure	  to	  PMT	  modules	  to	  electronics	  

•  It	  would	  be	  great	  to	  get	  organised	  to	  raise	  
awareness	  and	  likelihood	  of	  R&D	  funds	  to	  
work	  together	  on	  these	  issues	  


